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FLIGHT MEAflTREMENTS OF TBE EFFE%TS OF A WING LEADING-EDGE SLOT 

AND OTHER MODIFICATIONS ON THE STABILITY, MAXIMUM LIFT, AND 

HIGH SPEED OF AN OBSERVATION AIRFLN?E 

By William N .  Turner and Betty Adams 

SUMMARY 

Stability, maximum lift, and high-speed tests were made of an 
observation airplane fitted with Maxwell leading-edge slots. 

Static and dynamic longitudinal and lateral stability waa, in 
general, satisfactory and was little affected by the slots. 

c Maximum lift coefficients with power off were low due to early 
stalling at the center section. 
reduced the maximum lift available by aggravating the center-section 
stall. 
the detrimental effect, but the increase in lift over the slot-closed 
condition waa small. Fully opening the cowl flaps elimina3ed a 
detrimental effect of opening the hoods in the landing condition. 
stall warning, power off, was adequate, and with slots open was 
excellent. 
on, bu%. -3ac thfw candition the stall warning was *poor. 

The Maxwell slots as installed 

\ *  Extending the slots all the way to the fuselage el.irninated 

The 

The .highest lift coefficients were obtained with power 

INTRODUCTION 

Flight tests were made to determine the maximum lift am3 
corresponding angles of attack, drag, and stability of an observa- 
tion airplane equipped with Maxwell leading-edge wing slots. 
modifications were made to the airplane in an effort to increase 
the increment of maximum lift resulting from the Maxwell slots. 

Various 

The lateral control characteristics of this airplane have been 
reported in reference 1. 

I 
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The t e s t  a i rplane is  a two-place, singlc-ccgine, mid-whg, 
cant i lever  monoplam w i t h  f ixed  landing goar, g a s t l a l  spzn dcf'3-ector- 
plat0 f l a p = ,  combination a.ilcron-s?oiler l a t e r a l  contl-01, md 
14axTJe11 lecd.ing-edgc s l o t s  ei.,te;ldi;ig from t 5 e  wlrg t i p  t o  within 
approximately 14 i n c h 3  GL' the fu s~ lage  ( f i g s .  1 t o  4 ) .  
sions of the a i rp lsnc  a re  : 

The dimon- 

Wing 

A r e a ,  IncluLing sec t inn  grojectcd 
ttirough fuselage. . . . . . . . . . . . . . .  261.9 squzre f e e t  

Span, b . . . . . . . . . . . . . . . . . . . . . .  35.89 f e e t  

Taper r a t i o  . . . . . . . . .  . . . . . . . . . . . .  1.5 : l  

Section, r o o t  . . . . . . . . .  . . . . . . . . . .  NACP. 23015 

Section, t i p  . . . . . . . . . . . . . . . . . . . .  NbXA 23009 

. . . . . . . . . . . . . . . . . . . . . . . . .  3 O  Incidence 

1.I.A.C. (fig. 5 )  . . . . .  . . . . .  . . . . .  89.7 inches 

Dihedral, outer panel chord l i m  . . . . . . . . . . . . . . .  7@ 

Typo . . . . . . . . . . . . . . . . . .  . . . . . . . .  Fi-iso 

Area a f t  of hinge? l i ne ,  c:i.c:i . . . . . . . . . .  6.7 squmo f 2 e t  

Balance area., each . . . . . . . . . .  . . . .  2.0 square f e e t  

Span, each . . . . . . . . . . . . . . . . .  31-2crcent cornispan 

Chord, cveraQo aft 3f hinge 
l ine  . . . . . . . . . . . . . . . . . . .  l7.2-pcrcent local 

wiqg c h a d  

Droop . . . . . . . . . . . . . . . . . . .  29@ at f u l l  f1a.p 
deflocticjn 

J 
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Sp i l e r s  

Type . . . . . . . . . . . . . . . . . . . . .  Venti la ted and. 
pa.ddle ba.ianco4 

Area., each . . . . . . . . . . . . . . . . .  4,.98 square f e e t  

Span . . . . . . . . . . . . . . . . . . .  41-percent semispan 

Chord, z.vers.ge . . . . . . . . . . . . . .  10-percent l o c a l  
wing chord 

Fla.ps 

Type . . . . . . . . . . . . .  Slot ted  def lector-plate ,  spring- 
loaded t o  mitomaticalljr decrease 

def lec t ion  a t  the hi&er loads 

Area. zft  of hinge l i n e ,  each . . . . . . . . . .  17.5 square f e e t  

Spa.n, ea.ch . . . . . . . . . . . . . . . . . .  'jl---pei-cent seniispan 

Chord a f t  of hinga l i n e ,  
avernge . . . . . . . . . . . . . .  23-percent locc?.l wing chord 

S l o t s  

Tyye . . . . . . . . . . . . . . . . . . . . . . . .  blame11 

Spar, cach . . . . . . . . . . . . . . . . .  69-perceni; semispan 

Chord, a.vcrage . . . . . . . . . . .  15-percent l o c a l  wing chord 

Horizontzl, tail: 

Span . . . . . . . . . . . . . . . . . . . . . . .  17.17 f e e t  

i D t c 1  m a  . . . . . . . . . . . . . . . . . . .  58.6 square f e d  

Elevctor arm. a f t  of hinge l i n e  . . . . . . . .  24.0 square f e e t  

Elevator ba.l?.,nce area. . . . . . . . . . . . . .  1.83 squa.re f e e t  

Distence of cleva.tor hinge l i n e  from 
wing leading edge . . . .  . . . . . . . . . . . .  20.7 f e e t  

no incidence . . . . . . . . . . . . . . . . . . . . . . . .  c 

\ 
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Vert ical  tail 

Span (hs.;.ght above fuselage)  . . . . . . . . . . . . .  5.25 f e e t  

. . . . . . . . . . . . . . . . .  Tota l  area 22.0 square f e e t  

Rudder &Tea a f t  02 hin5e l ige . . . . . . . .  11.5 square f e e t  

Rudder balance a rea  . . . . . . . . . . . . .  1.18 square f e e t  

Offset . . . . . . . . . . . . . . . .  2", leading edge lsft 

Dista.nca of rudd-er hinge l i n e  
fram wing leading edge . . . . . . . . . . . . . . .  19.0 f e e t  

Engine 

T n e  . . . . . . . . . . . . . . . . . . . . . . . .  R-9%>50 

Ra.ting, take-off . . . . . . . . . .  450 bhp a.t 2300 r p m  and 
- -  35.5 inches Hg. a t  sea level 

Rating, normal . . . . . . . . .  400 'uhp a t  220C rpm e t  sea 
level n.nd 5500 f e e t  

Gem r a t i o  . . . . . . . . . . . . . . . . . . .  D i ~ e c t  di-ive 

Carburator . . . . . . . . . . . . .  Automatic mixture control,  
t2ye NA-ZgC2 

Fuel . . . . . . . . . . . . . . . . . . . . . . . .  92 oc tme  

Ma.ximum rpm l i m i t  . . . . . . . . . . . . . . . . . . . .  2860 

Propel ler  

Type : Two--blade, constant-speed 

Dl'ametcl: . . . . . . . . . . . . . . . . . . . . . .  9.70 f e e t  

. . . . . . . . . . . . . . . .  150 

Inhx s e t t i n g  . . . . . . . . . . . . . .  74' a t  42-in. s t a t i o n  

Higk-pitch stop . . . . . . . . . . .  . 22" a t  42-in. s t a t€on  

Maximum blade angle raqge 

Lowpitch s top . . . . . . . . . . . . .  9 O  a t  42-in. s t a t i o n  

. 

. 

P 

a 
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Plaa a.nd sect ion v i e w  of the high-l.iBt devices a.nd control  
surfaces  are shown i n  f igu res  6 t o  10. 

Modifications made t o  t5e airplane during t h e  courm of the 
tests were : 

- Modif ica.t ion 1 .- Auxiliary s la . ts  were mounted ahead and above 
t h e  normal leading edge of the wing root ,  overlapping the 
inboard end of the or ig iqa l  Maxwell s l o t  arrangement by 
about an inch ( f i g .  11). 

Modification 2.- A f ixed  s l o t  of the same c:in't,oui' as the 
Maxwell s l o t  when open was ccnstructed i n  the leading edge 
of the wing roo t  between t l e  fuselage end the inboard end 
of the origina.1 Maxwell s l o t  ( f i g .  1 2 ) .  

Modification 3.- In addi t ion t o  the s l o t  extensions, the wfng 
walkway was covered with fabr lc ,  f i l l e d ,  sandpEpered smooth, 
and doped. 

Modification 4.- I n  addi t ion t o  the s l o t  extensions, expsnding 
wing-root f i l l e t s  ( f ia .  13) were in s t a l l ed .  Tne f i l l e t s  
s t a r t e d  with approximately zero radius  a t  the s l o t  exten- 
s ion l i p  and expanded t o  a radius approximntely equal t o  
the width of the wing wallrwsty a t  tho t r a l l i n g  edge of the 
wing proper. From there t i e  f i l l e t  ms gradually f a i r c d  
back in to  the fuselage.  
walkway was i n  i t s  o r ig ina l  rough condition. 

Tho uncovered p a r t  of the wing 

Modification 5 .- The f i l l e t s  were the sane as in'modif ica.tion 4. 
The s l o t  extensions, however, were repla.ced by the o r ig ina l  
wing-root l m d i n g  edges. 

kbdif icat ion 6.- A i r  f low through tho f l a p  gap was provented 
by sea l ing  the lower svyfoco w i t h  a s t r i p  of f ab r i c .  

NACA instruments were used t o  record phcto-Tzqkicclly as a 
funct ion  of time t h e  following variables:  : irspeed, normal and 
longi tudina l  acceleration, rolling velocity, control  pposition, s t i c k  
force ,  f l a p  posit ion,  change i n  r l t i t u d e  (stxitoscope), longi tudfnal  
inc l ina t ion ,  end angle of s ides l lp .  
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Indicat lng i n s t m n t s  a l ready i n  tho airplenc were used i n  
observing pressure a l t i t u d e ,  f r e e  air temperature , engine rpm, 
manifold pressure , end quant i ty  of f u e l  ca r r ied .  

Fo r  the drag t e s t s  only, where accurate comp:arisons of power 
were nccossary, a total-pressure tube was placed i n  the sl ipstream 
( f i g .  14 )  and connected t o  one side of zn 
cockpit. The other side of the meter was connected t o  the free- 
stream t o t a l  pressure from the p i t o t  hend on the boom. 
-readings of t h i s  insta . l la t ion were then calibratGd i n  terms of brake 
horse2ower. 
cons tmt  rpm cnd a t  several  o..ir speeds. The power was detemined 
from observations of manifold pi*esstWc , ypm , a. l t i tude,  temperature , 
and the ca . l ibrat ion f o r  t h e  B-98>50 engine. By this method, the 
power dctermina,tlons wera mad8 without recourso t o  the manifold- 
pressure gage and s o  were no% influenced by mpredic tab le  changes 
in  power output f o r  a. given menlf o l d  pressuro . 
power ac tua l ly  dcve lopd 3n the ' cn.l:bix.tion f l i g h t  mE3; havc Seen 
d i f f e ron t  f r o m  t h a t  shown crl the stan&.sd engine c a l i b m t i o n  curves, 
thc e r r o r  w a s  consis tent ly  car r ied  t:irough the subseqxeni t o s t  

: ~~..zxL.c '  indica.tor i n  the 

The meter 

The caLibratlon w a s  mi?.dc on a. single  f l i g h t  a t  a. 

Even though the 

flights. 

An 8 j T - - ! j . ~ ~ , : : C  head vaned and pivoted s o  2s t o  aline i t s G l f  with 
the r c lo t ivc  wind i n  pi tch,  bu t  no t  i n  yaw, w a s  mounted on a boom 
near the l e f t  wing t i p  approximstoly one chord length ahezd or" the 
leading edgc. 
t r a i l i n g  bomb. 

"he i n s t c l l a t i o n  was ca l ibra ted  i n  f l i g h t  with 3. 

A yew 1lea.d was rnountcd on 3, boom near the ri.@t wing t i p  
a.~proximately ono chord longth ahead of the leading edge. 

8 A tw-loacnt elevFtor and rudder control-Fosition recorder wss 
i n s t a l l ed  i n  the t a i l  and cttachod d i r L c t l g  t o  t'ne corltroi surface 
torque tubes. A two-element l e t c r z l  stick-position and f ley-posit ion 
rccordor was i n s t c l l e d  botween the cockpits, t h e  st ick-2osit j  on 
element being ccnnccted t o  the u2per r i g h t  side of the ailercn- 
spoi ler  change-over uni t ,  and th f l c p  pos l t ion  recorder 'acing 
connccteC t o  the i-i&it-hand soct ion of thc f l q  tcrque tube. 

A two-clcmcnt control-position recorder TKS clso i n s t d l e d  . 
i n  ooch wing 2nd CGnneCtCd di-.cctly t o  each n i la rcn  2nd s p o i l c r .  

Ccl ibrzt ions of the control  surfrce dcf lcc t ions  i n  terms cf 
A s  t h o  cockpit  control  posi t ions arc show In  figures 1s t o  2'7" 

preliminary t c s t s  showed the most ef fec t ive  s l c t  opening t o  be 
1.5 porcent of the l o c a l  wing chord, no i n t ~ n m d i c t o  posi t ions Or 
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l e v e l  
345 
345 
345 

l inkage changes were used i n  the present tests, t he  s l o t  gr.p €or 
the s l o t - o p n  tests being t h a t  snown f o r  30 t w n s  i n  f igme 27. 
I n  fligit, it was found t h a t  tlm 1oo.ds on the s l o t  caused it t o  
open tho equivzlont of approximately a r e 3  crank turns  nore t h m  
when unloaded. 
open the s l o t s  i n  f l i g h t .  

For t h i s  rocson, about 27 turns  were used t o  f u l l y  

TESTS, RESULTS, L.7 DISCUSSION 

The longi tudinal  and l c t e m i  s t c b i l i t y  w.s checked w i t h  th3 
a i rp lane  i n  t h e  o r ig ina l  condition before m y  t e a t s  were m d e  f o r  
maxhum l i f t .  

Charac te r i s t ics  of the _uncontrolled lonnitudinc3 notion.- !Ilic 
chma c tcr  i s ti c s of the unc ontrol led short  period long i t udbml  
o s c i l l a t i o n  were measured w i t h  the center of grav i ty  a t  zpproxi- 
mately 26.3 percont mesn aerodynamic chord and both hoods closed i n  
the following f l ight  conditions: 

. - 
Power Flap - 
- rpm 

2300 
2300 
2300 
2300 

control  
s e t t i n g  

UP 
UP 

f u l l  down 
f u l l  down 

UP 
UP 

f L l l l  down 
fu l l  down 

UP 
UP 

full down 
f u l l  down 

Slot 

clcsed 
open 

closed 
open 

closed 
open 

closed 
open 

closed 
open 

closed 
open 

Cowl 
f l a p s  

closed 
clossd 
ClOSGd 
closod 
closed 
closed 

open 
open 
open 
open 
gpen 
open 

Approxim3.t.3 ' 
s p a &  range, 

znph 
66 - 164 
54 - 110 
60 - 121 
60 - 103 
84 - 164 
79 - 103 e-; - 121 
87 - 110 
60 - 103 
72 - 113 
70 - 146 

66 - 103 

. .  

Where "level" power is  re fer red  t o  i n  t h i s  r epor t  it mo3.ns 
power requred f o r  l e v e l  f l ight.  
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S l o t  

c losed 
open 

cloaod 

The r c s x l t s  m2y be aurmntrized c.9 fallowa: 

-.- 
A>pleQXh~ t o  
speed rcngc, i 

iT1ag s - 
Cowl 

c losed  74 - 149 
closod I 72 - 142 
closed 61 - 105 

mph 

1. The vai*i.iatlon of n o m d  o.ccclorc\..tion wi.th t h e  alwcys 
dmyed out complcte7y i n  less than on0 cycle.  

bhp 
of? 
off 
off 
off  

l e v e l  
l c v c l  
l e v e l  
love1 

_I_ 

345 

2 .  In e fow instcnecs,  the rocords  of e leva tor  rLngle showod 
o s c i l l 2 t i  ons of approximztely 1-1/2 cycles, clthough tho last half- 
cycle m s  of very smcl l  amplitude. Them inetancos elwcys occurred 
n e w  the lowest t y i n  speed w i t h  e i t he r  f l aps  holm, s l o t s  open, o r  
bcth, and w i t h  littk o r  n o  2owcr boing appl ied.  

r p  

2300 

3. 
chsnged s l igh t ly ;  t h c  cha.nefo, hovever, wzs not  of cn osc i l l n to ry  
ncture . 

DurinG runs with tho f l z p s  down, t h e  f l a p  pos i t ion  usually 

open i clcsed 
closcd I clcocd 

It is  evident, t h ~ i ~ ~ . f ’ o ~ c > ,  t h a t  the requirements of reference 2 
were me% i n  most i noh . ixcs ;  tho few control  o sc i l l a t ions  cf more 
thcn one cycle hod no qpn.ro!?t a f f e c t  on tho f l y i n g  q u a l i t i e s .  

62 -. ici4 
65 - 160 

C h v a c t c r i s t i c s  i n  stc.24:- strrt2gh.t f l i g h t  .- The cha rac t e r i s t i c s  
of tho  Z i r p l a m  i~ stt-?dy, st;aoi&t fl:g’i+ W I Y !  t h o  c m t o r  of g rav i ty  
nt rpproximte ly  26.3 p e r c w t  Tpem c.e:-oC;mmic c h w d  3;ld the hoods 
closed were meosu-ed in  the following f l tght  card i t ions :  

--c 

FlZ.1 
c o n t r o l  

- s e t t i n g  

UP 
’AP 

f u l l  doml 
f u l l  down 

UP 
UP 

fiLl down 
f u l l  down 

UP 
UP 

fLiLl dow?? 
f u l l  dow, - 

. 
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De r e s u l t s  are presonted i n  f i g a e s  28, 29, end 30, and moy 
be summesized as follows: 

1. The v w i z t l o n  of elevz.tor zn&e w i t h  cnglc of ,o.tta.ck wcs 
s t ab le  f o r  sl1 conditions of' power with the f l cps  up, except with 
power on a t  tho higher speeds with tho siots opm, wllei*G tlie cur-res 
indica.te neu t r a l  s t a b l l i t y .  With f l o p  down n . t  low sgeeds, t3o 
,?.irpl,zne w a s  stz-ble i n  d l  conditions, bu t  3.t the h i a c i .  speeds 
i n s t r b i l i t y  c.ppearcd with power o f f ,  s l o t s  c losed;  w5th lovel-flj.@t 
pover, s l o t s  open; and with f u l l  power, s l o t s  open o r  closed. With 
power of f ,  f la.gs up, a. break&om of tke flow over the center  sec t ion  
is  Lnd5ca.ted by the sudden Incyea.sc in  the slopes of thc ciLrt*cs n s m  
s ta . l l i3g  speed. Wtth 1mmr oft', P l cpa  sum, tne flow bi-eskdovn 
caused p i tch ing  csci1lat:ons and the sc.3.tti.r of t h e  dPAta. shcwri. 
Wit3 slcts closed, there  i s  less indicntion of flow broL%dosrn. W i t h  
power on, there is  no indlcnt ion of Tlow brcskdom i n  any condition. 

2. The vosiatiorl of s t i c k  foi.ce with Indicsc.ed sii-spccd shows 
control-free s -kb i l i t y  f 31' d1 conditions oxcept with p o m r  o l f ,  
flaps LIP, s l o t s  open s.t bhe h i a e r  speeds. The center--section flow 
breckdown with yGww off  c t  l o w  speeds i s  o,nein aypesent i n  thc 
sudden increase i n  the s t i c k  force  required a.s t h e  stall 13 
approached. 

3. The vai-iation of rudder > o s i t i m  w i t h  inC: ccted n i r s p c d  
with power on shows thc t  approxhzte ly  one-third i-lgqit rudder was 
required t o  hold s t r a i g h t  f l i g h t  a t  minhm spocd w i t h  the f ln_us  
up, and aTproxWtely  two--thirds right rudder TKLS r c q u i x d  t o  hcld 
stmight f l i g h t  at  niinimuii spmd v i t h  ti?e f k p a  dmn. 

4. The l e f t  s idea l ip  a t  low speeda with p0WO.i- on  X 8  s l i g h t l y  
greater than c ? t  high specds. 
power off may hrve kcen due t o  posit ion e r ror  in the  y2w kc?&. 

The indicztion of left sidt;sl?-p w i t h  

5 .  When the f l a p  control. was ir. t h e  full-Cown posit ion,  tho 
flq s t a r t e d  t o  f l o c t  upwad e t  cn indicntud air speed of about 
75 miles per  hou_r. 
abovc approxima'icly 60 miles per  hour. 

With power on, f u l l  def lcc t ion  mz not rivcdi1able 

I n  gencrrl ,  it appcai-s t h t l t  t k e  s i rplcne PED stzble iq  Cm 
speed range i n  which it is  l l k e l y  t o  be used ii i  c,?ch condition. 
With power 03, thc: 73ru9t Incrc,ose in c l e w t o r  mglc  and s t i c k  
force  neay the jt-11 conotltutod a 2  e x c e l h n t  z t a l l  w2riiing. The 
e a r l y  ccntcr-section s t a l l ,  however, OeL'octed t o  e ce r t e ln  ex ten t  
the purpose of the hig3-llf t  dcviczs incorporctcd ir, t2.e Wiilg. 
the ccnter-of+gavity pos i t ion  used- i n  the s t z 3 i l i Q  t e s t s ,  it vas 

With 
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n0.t poos ib lo  t o  obk . in  a completx s t n l l  with the s l o t s  ope2 a d  tho 
s t i c k  full br.cls i n  e i t h e r  the f'la,Ts-iip 01" f l a p ~ o . - d o ~ m ~  conditlon wit'fl 
power o f f .  
t i o n  o:T lmgit i idinc, l  c o n t r o l  caused by t h e  ccnto;--scction f l n w  break- 
down with  the resul te .nt  decrease in dowQT.m& m g i o  and r e l a t i v e  
d.pcunic p-essurc at the tc?.i l .  Ecavy bu.ffot.(ng was present  at 
min:mwn q c 0 0  i n  t h i s  corditLon. With the s l o t s  closed, o r  wit11 
power on i n  m y  condition, no d i f f i c u l t y  was encountered i n  obt2.k- 
ing c.. compl..~ tc ste.11. 

Tnis chzr,xtGri,ztic w:,s t?"ppF.reytly dm t o  the dsteriorz- 

Chsracteyis t ics  of the mcontrol led la tercl  motion --- The 
chasec ter ic t ics  of the unconLrollsc? 1ate:a.l motion of the 2irplnne 
when dis turbed fi*oD stecdy f l i g h t  were mocsured with tho  center  Of 
gravi ty  a t  26.3 pe-rcont mecn serod,vnmic c h o r d  End the hoods c losed  
i n  t h  followjng f l i g h t  conditions: 

P: - 
bhp 

of +: 

of f  
of I" 
of f  

l e  ve 1 
love 1 
IC vc 1 
l o v o l  

335 
145 

330 

- 

330 

.s- 

?r - 
rpm -- 

2200 
2200 
2200 
2200 - 

--- 
c OT?l 
9 laps  

closed 
closed 
closed 
closed 
114 opexi 
114 open 
3j4  open 
d 1/4 3pcn 

open 
ope2 
open 
open 

-- 

-. 

oo ttliilg 

UP 
w.? 

fu3-1 ac-rn 
f u l l  down 

w 
%I3 

full down 

u?LJ 
U? 

full down 
f u l l  down 

---- 

f u l l  

-- 

; l o a d  
open 

:losod 
cpen 

c losed  
O p S l 2  

c lo sed  
open 

closcd 
open 

closed 
open 

-- 

Tk,e tests tre-rc made bx t r lming  t h e  airplane r.t each t e s t  spoed, 
abruptly c"..pPlying i-uddsr and a,i loron t o  produce =. s l i p ,  ro l c i s ing  
011 controla,  2nd recording tho r e s u l t m t  motion of thc: a i rp lnno  
and controls .  

1. Ths ileriod of the cont ro l -2x0  l n t e r r l  o s c i l l z t i o n  var ied 
bctFrecr! 2 cnd 6 seconds and gencrclly decrocsed with incmasing  air-  
3 ~ o c d .  c 
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2. Dia osc i l l a t ion  always damped t o  ons4,olf mFl i tudc  i n  
less than two cycles, thus m e t i n g  tho requ.l.remcnt of referonce 2 .  
The damping m.s g rea t e s t  a t  low speeds. 

3. I n  no instance were t h o  controls themselves observed t o  
osc i l la , te  f o r  more than one cycle, which z l so  s a t i s f i e s  tho 
requirements of reference 2. 

The sp i r a l ing  tendencles of t h e  airplane were noted by the 
p i l o t  during the previously mentioned tests of t n e  control-free 
longi tudinal  motion. Tho s p i r a l  s t a b i l i t y  of m a i rp lane  has 
general ly  been considered t o  h m e  l i t t l e  bearing on the f l y i n g  o r  
handling q u a l i t i e s  of m a5rplmc (reforence 2 ) .  
s t c b l c  a i rplzne is, howevQr, considera3lg ea.sim t o  f l y  on instru- 
ments, t h e  p i l o t ' s  notes on t k i s  subject cse s m n s i z o d  3.8 follows: 

Aa .z s p i r a l l y  

1. Flzps up, slots closed. No iPlII1Cdiz.te tendency t o  s p i r n l  
i n  any power condition. 

2. F h p a  dmn, s l o t s  closed. IT0 s p i r n l  power o f f ;  l e f t  o r  
riglit s p i r a l  w i t h  power f &  level fright; pronouncod tendoncy 
toward l e f t  s p i r z l  z t  45 knots, right s p i i x l  r . t  83 knots, 2nd 
s p i r a l  e i t h e r  way a t  in t emed ic t e  speeds w i t h  f u l l  power on. 

3 .  Flcps up, s l o t s  open. No s p i r d  w i t h  power off o r  l e v e l  
f l i g h t  powor; l e f t  o r  right spircl  a t  50 h o t s ,  right spiral z.t 
60 knots, eventual r i g h t  spirr .1  r t  75 h o t s ,  no irnmedis-to s p i r 3 l  
at  90 o r  110 knots wit& f u l l  power on. 

4. Flaps down, s l o t s  open. Bo inredicte  s p i r a l  pover o f f ;  
s p l r a l  e i t h c r  way up t o  70 knots, no s p i r a l  o t  85 lwots w i t h  l e v e l  
f l i g h t  power; l e f t  oi' right s p i r o l  o.t 50 o r  60 knots, no s p i r a l  iOtt 

70 or 83 knots w i t h  f u l l  power on. 

Charac te r i s t ics  i n  steady s idesl ipping fl*,t.-- m e  clixmcter- ~ - - - - - -  
i s t i c s  of the xii+-plcne i n  stezdy s ides l ipp ing  fl?&t irere3 noe.swed 
in the following conditions with the  center of grav i ty  a.t 26.3 percent 
of the  m e 2 3  aerodynpmic chord: 
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I----- 

Power 

u2 
off 
off 
off 
off 
off 
off 
off 
340 
340 
340 
311-0 
340 
340 
340 

-- 

- -.- 
-%-- -“m 

2300 
2300 
2300 
2300 
2300 
230c 
2300 

c owl -- f 1- 
closed 
closed 
clcaed 
closed. 
cl-osed 
closad 
ciosed 

opcn 
9i33e3 

open 
opcn 
opes 
open 
cycn 
-“-c 

S l o t  

closed 
open 

closed 
cpen 

closed 
opon 
open 

closeti 
open 

closed 
upen 

c l cacd  
opzn 
@p?n 

* -I_ 

-- 

c__L 

H.~u. l :s  

closed 
closad 
C i o sc c? 
closed 
closcd 
c losed  

opcn 
c lo 62 d- 
c los2d  
closed 
cloeed 
closed 
c l9szd  

open 

-- 

-- 

1ndica.ted speed 
tcs ted,  n$? 
oaurox&irto 

86, 120, 166 
86, 102, 133 
79, 98, 126 
75, 98, 126 
75, 85, 102 
74, 85, 102 
76, 35, 101 
74, 123, 166 
68, 105, 135 
73, LOO, 126 
6 3 ,  98, 126 
66, 85, 101 

Go, 84, 101 
60, 86,  103 



vmicd  cmsidcr3bl:r w i t h  the several  c i rplane conforxi-tlons I I n  a l l  
the l m c s t  s p e d  cond-itisns t h c  stick-free 1ctcrz.l s t c b i l i  tJ' WES low, 
,?nd i n  r i g h t  sideslips 
w i t h  f l a p s  down, powel- on. I n  general, the  st!ck-free s t a b i l i t y  
was lowest w i t h  t h e  f l a p s  one-third down. 
st-ick-force vas ta t ion  was lasge f o r  smll angles of s l i p ,  bu t  small 
f 01- lasge angles.  

force  reversal  s m e t b e s  cccnrred, s spoc i s l ly  

With f l a p s  f u l l  down, the 

3. !Rie va r i a t ion  of yawing moment due t o  s ides l ip ,  as given 
by the vasia.tion cjf rudder angle with a.ngle of s ides l lp ,  was considered 
adequate i n  all conditions, In  t h a t  the rttdd-er angle was a.pproxima.tely 
proportionel t 3  t h e  sid-ealip a.n@e and 110 decrease i n  the slope of 
tke cwves  a t  sma.11 angles 02 yaw was observed. The slope increased 
yrogressivelg wi.th f l a p  def lect ion,  but ckanges witli s l o t  pos i t ion  
01' power were negl igible ,  except w i t h  fla.ps f u l l  down, where a 
snall increa.se i n  slope resulted- on appE.ca.tion of potTei- A t  
large a.ngles of right s ides l ip ,  espcc4a.lly with power on, a. rudde-r- 
force  reversa l  noted by the p i l o t s  indicated t a . i l  s t a l l i n g  2nd 
rudde r4 ree  Tnstab ili t y  . 

4. The p i tch ing  moment due t o  s ides l ip  (as  indicated by the 
va r i a t ion  of elevEtor angle and elevatoi. stj-clr; force  w i t h  angle of 
s idesl5p)  vas generclly small. 
up, power on, s l o t s  closed 0;' open, and with f l a p s  one-third down, 
power on, s l o t s  open, d id  the eleva.tor angle fo;- balance move Lnore 
than the n a x i ~ i ~ a i  allowance a s  given i n  reference 2,  1' f o r  5' rudder 
movement from tjh. 

Only e.t the lowest speeds with f l a p  

5 .  F i p e s  49 t o  51 glve an indication of the s-trotch i n  the 
* 

cont ro l  system t h a t  occuriwd In the s ides l ip s  md enablos ac tua l  
cont ro l  surface pcoi t ion t c  be determined f o r  the s t i c k  pos i t ions  
shown i n  f jgwes 35 t o  48. 
measured by the control  pos i t ion  recorders i n  the wings. 

The corttrol p o s i t i m s  shown were 

Maximum L i f t  

Extensive measm-ements were macle of the maxirnm l i f t  of the 

Blank  sgsces l e f t  i n  
a i rp lane  i n  various conformations and with severa l  modifications. 
The d8ta are  ?resented i n  tab les  I t o  VII. 
t h e  t ab l e s  indicete  t h a t  datc were n o t  GbtaZned, o r  t h a t  the 
p a r t i c u l a r  c o n f i L v a t i o n  was not  tes ted.  

In crder  t o  make it possible t o  s ta l l  the a i rp lane  i n  a l l  
conc?itions, the center  of g rav i ty  was moved back; t o  approximately 
32.5 percent cf the mean aerodynamic chord. No maauremcnts of 
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s t a b i l i t y  were made in t h i s  condition, bu t  the p i l o t s  had no 
d i f f i c u l t y  i n  f ly ing  the a i rp lane .  

Yho maximum l i f t  coe f f i s i en t  vas calculated from tho data. by 
means 02 tlie Tollowing f o m c l a :  

where 

e f l i&b-pa th  m g l e  

Ax r e su l t an t  accslerat ion,  g ' s  

S wing azea., squasc f e e t  

In determining the weight, a l lomncc  w a s  madc f o r  the f u e l  used. 
The flight-path angle was detemined f r o m  the v e r t i c a l  ve loc l ty  
(measured. w i t h  a stat7scope) end the veloci-Ly clang the f l i g h t  path 
( t rue  speed determined fyom rccords of iniiicated : - i r s - x c ;  and notes 
of pressure a l t i t u d e  m d  f r eo  sir temperatu.c) . 

If it had been possible t o  take d l  records  i n  pe r fec t ly  steady 
f l i g h t ,  tho AR 
omitted from formula (1). 13 t h i s  a i rplane,  however, the aar ly  
center-section stall usrlally nade it dZff lcu i t  for the p l l o t  t r J  hold 
absol.utcly steady f l i g h t  e t  minimum sneod. Introductlon of the AR 
tcrm in  'the I"ormu1e invelvcs t k s  asswnption t h a t  the r e su l t an t  
occelcrction is v e r t i c a l ;  omitting t h z  t o m  a l toge ther  rosul ted i n  
considerably n o m  s c a t t e r  of the da ta  2nd ct tendenc-3- towaid opt:- 
rnis t i -c  values of tne ~ ~ l f ~ x i m ~ . ?  l i f t .  

te;m ( r e s u l b n t  accelerat ion i n  g ' s )  could havc bcon 

Tho angle OP a t t a c k  was determined from the fl ight-path cngle 
,,Alb Il,LLII,UUAVLI cf th sirpls~,n_z zc! k t e r m i i e d  by a recording --,a +Le :-?.1 :..."Cqnn 

inclin3metci-. 
t o  the wing chord lim. 
meter Veri? cor;-cctcd f o r  box-izozltal pbccelei-ation. Becausc Of the 
buffct iqg and uncertain poln t  of s ta l l ,  tile angles of a t t a c k  shown 
shculd be considered cnlp appi-oximate; they m y  be r e l i e d  upon, how- 
evci-, t o  show tha trend f rm o m  condition t o  anothcr.  

The angles of i7ttock s:iown i n  the t ab le s  are  rofcr-red 
W'en necessary, tho rcadinga of the inslino- 
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Assuming a lan&ing of zero  ve r t i ca l  ve loc i ty  and one g 
w;l)tlcc?.l acceiers t ion,  stell5.q speeds f o r  landings were computed 
from t!ic inaximm l i f t  coef f ic ien ts  by t h e  followir,G fomv.la:  

The weight ms t&en as 4800 pcmds 

Elevstor angles z t  the s t a l l ,  a.s with the zngles of e t tack,  
should be taken 2 s  ~ n l g  q p r o x h t c  . 

Observatioiis of the s t a l l i i i g  cha rec t e r i s t i c s  were made by an 
Obs2rvcr i n  the ;"ex- s e a t  ~ 5 t h  tke aid of t u f t s  on t?ie inbo-sci half  
of thc  wing. 

Tlie r e s u l t s  of the mzxinum l i f t  :~ea.3uremonts w e  discussed f o r  
each modif Ice.-tion. 

hhximwn 19ft i n  the c j r i E i m l  cond!.tion.- As  shoim 3y tzblo I, 
the maximum l i f t  coefficientfi obta.inc?d w i t h  power ilff were l o i ~  m d  
oponing the s l o t  had a. detrbient,d a f f ec t .  
cowl f l q s  had vrsying e f f ec t s ,  depenLing on the f l q 3  a.nd s l o t  
pos i t ion .  
l i igkest  lift cooffic5ent w t i ~  obtcined with the  cowl flc,ps open.. 

Opening tine hoods o r  

I n  tlic landing condition (f1r:ps down, hoods open), the 

Th2 decreased maxjmum l i f t  coef f ic ien t  w i t h  the s l o t s  open 
ms p r o l o b l y  &ne t o  3. change i n  sp3n loed distrZbutFcn which tended 
t o  lo?d  up the  m s l o t t o d  center  section more with s l o t o  opon thcn 
w i t h  d o t s  closed f o r  a givon eve-11 l i f t  coef f ic ien t .  Oncc 
the center  sec t lon  stallec? coraplctely, l i t t l e  o r  no bsnc f i t  wcs 
gained by increasing tho angle of aztnck f u r t h e r .  
%he cxpectcd odded l i f t  3n the outboard sect ions of the wing TKX 

off si? t by the outward sprcsd of t h e  s ta l l .  

It appeased t k l t  

The powe?:-off s t a l l  m r n i n g  with t h o  s l o t s  closed w a s  con.- 
s i d . e r c d  zdeqilatc, 3.3 mod!era.tc buffeting precodcd the  roll-off . 
The powei---off s t d l  warning with thc slots opes m.8 exce l lcn t  as 
1ica.vy buf fc t ing  set  i n  rmd a. ro l l i ng  and p i tch ing  osc i l l a t ion  
developed, with n o  uncontrollable roll-of P . 

T o s t s  vere mcde with n r i o u a  zaounta of powor, s l o t s  opon and 
C 1 0 3 C & ,  with f l p p s  d o - i  and hoodo and cowl f l q s  oym. 
2:"e sho~m i n  ? i g n ~ c  32. It i s  soen t h z t  even a smell nmount cf 
power (Ypprox. 100 bhp) increased the m,?xin:u;n l i f t  cocf f ic icn t  by 

The r e s u l t s  
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about 0.5. 
for sovera.1 zorgiguyetions ( t ab le  I) showed a.n increase i.n ma.ximum 
l i f t  coeff'i.cient of 0.96 t o  1.30 ovar t h e  Fower-off'value. 
increases app,?as t o  have been due t o  both the d i r e c t  forces  on t h o  
p:.opellw and tLia eljmina.tion of the center-section s ta l l .  

Tests  w i t h  approx!ma.teiy 300 brake hcrsepower a.t 2200 rpm 

These 

According t o  rererence 3,  the lift due t o  1:ower is  a d i r e c t  
function of t h e  th rus t ,  and wl-ere tliere is  no p.-remattire stall izlg 
a t  the center  s e c t i m ,  the added lii't should be numerically equal 
t o  the thrus t .  The maxhnum l i f t  Coefficient can therefore be 
expressed as follows: 

= CL, + CI,, + k!rc cT-max 

where 

CL, maximum power-off l i f t  coofPicie2t 

C L ~  increment of l i f t  coe f f i c i en t  due t o  d i m h a t i o n  of 
c zntei-+e c t i on stall 

k a. constant (uni ty ,  according t o  reference 3) 

T, t h r u s t  coef f ic ien t  basod on dynamj c pressure and wing 
mea.  ( T/qS ) 

8 

Using the  da ta  shown i n  f igu re  32, t h e  value of k f o r  t h i s  a.ir- 
plane w a s  found t o  be 1.0, thus showing agreement w i t h  the conclusions 
of reccrencz 3. 

Wttin the  power- on, the wing always s t a i l e d  near tho t i p ,  tho 
ail-plane r o l l i n g  l e f t  o r  r i g h t  depending on the s 1 ~ t  posi t ion.  
wa-mlng was a2parent ir! the  foim of buffet ing,  bu t  the s t t l t u d e  
angle was high (20" t o  250) .  
E t  the time of stall  even at t'nc highar p@wers, it was found bposs i -  
b l e  t o  mako landings with high power as a pos i t ive  r a t e  of climb 
resu l ted  when near the  g--ound. 

No 

Although the a i rg l ans  was descending 

The measured increment of maximuni  l i f t  coeff'cicnt due t o  
opening t h e  s l o t s  a t  any power is  a l s o  s50wn i n  f igure 52. 
constant Incr-emont of 0.14 shmn a t  a l l  Qowors above appoximately 80 
brake horsepowsi- could be expccted t o  a2ply w i t h  power off a s  w e l l ,  
if the ccntc;-soction s t a l l  were cljminated. Tho reduction i n  s t a l l -  
ing speed corresponding t o  t h i s  incroaso i n  maximlm l f f t  is only 1 o r  
2 miles pe r  hour. 

The 

On t h i s  bas i s ,  tho added weight and cmpl i ca t ion  



of the Maxwell s l o t  insta.ll.a.tion could hardly be j u s t i f i e d  even 
i n  a.n ai-rangement f r e e  of ea r ly  s t a l l i n g  at the center  sect ion.  

Maximum &if  t w i t h  .modif ica.tton 1 (a.uxi1ia.m s la . t s )  .--As shown 
i n  tab le  11, ti:e addi t ion of the w.uxiliasy s ia . ts  dela.yed the c e n t e p  
sect ion brea.kdown su f f i c i en t ly  t o  3anse increa.ses of up t o  0.37 i n  
the me.ximm l i f t  coef f ic ien t .  The b.etmmenta.1 e f f e c t  of opening 
the s l o t s  WES a l s o  elfmina.ted, a.lthr?i@ no consis tent  increase i n  
l i f t  coef f ic ien t  due t o  opening the s l o t s  was mea.sured. A s  i n  the 
o r ig ina l  condition, i n  tne.  landing conforma.tion (fla.ps down, hoods 
open) , the  lowest s t a l l i n g  ,speed wa.9 a. t tained w i t h  the  cowl f l a p s  
open. 

Maximum l i f t  w i t h  modification 2 (Maxwell s l o t  extensions) .- 
Extending the hiaxwell s l o t s  t o  the fuselage offered a s m a l l  increase 
i n  maximum l i f t  w i t h  the  slct-oprz over Gie s lo t -c losed  condition 
( t ab le  111). 
obtained when the cowl f l a p s  were open. 
were s l i g h t l y  less ef fec t ive  than t h e  aux i l i a ry  slats i n  reducing 
the s t a l l i n g  speed. 

The lowest s t a l l i n g  speed w i t h  tne hmds rjpen was 
The Maxwell s l o t  extensions 

Maximum lift w i t h  modification 7 (Maxwell s l c t  extensions w i t h  
smooth wa . lha~) .Smooth ing  the wing walkways i n  an a.ttempt t o  delay 
the separation a t  the center secti.on resul ted i n  ne i ther  s.n improve- 
ment -nor a. detrimental  e f f e c t  ( tab le  N). 

Maximum l i f t  w i t h  modification 4 (Maxwell s l o t  extenslons w i t h  
wing-Toot f i l le ts) . -The combination of Maxwell s l o t  extonsions and 
wing-not f i l l e t s  poduced the best  imp?ovement i n  powe+off maximum 
l i f t  ( t ab l a  V )  . 
c i e n t  (1.97) was ngain obtained w i t h  tho cowl f l a y s  open. Tests 
made w i t h  p a s t i a l  cowl-flap openings i n  the landing condition (horJds 
open, f l a p s  down) showed t h a t  it was necessary t o  have them at l e a s t  
three-qua.rte:.s o p n  t o  secure a benef ?c ia1  a f f ec t .  

In  the landing csndition, the highest  l i f t  coeffi-  

Tests w i t h  the  f l a p  up and the s l o t s  open showed increases i n  
of up t o  0.66 over t h a t  obtained i n  the or ig ina l  condition. Lmax 

A s  would 'De expected, the 2awer-an l i f t  cooff ic ients  were about 
t h o  same a s  i n  the or ig ina l  condition. 

Max:'~wn l i T t  w i t h  modification 5 (winR-root f i l l e t s  onlx) .- 
With the wing-root f i l l e t s  only, tha grea tes t  increases i n  maximum 
l K t  coefficient were 0.53 w i t h  f la i l s  w>, s l o t s  ope?, and 0.17 w i t h  

. 



the f l aps  dom, s l -ots  closed ( t ab le  T I ) .  
t i o n ,  t h e  s t a l l i n g  q e e d  w"th f l a p s  down vas lower- when the s l o t s  
were closed than wheii tLeywereLpen 
o2en in  the landing cOndlti.cn, the bigjilest l i f t  coe f f i c i en t  was 
obtained w i t h  the cowl f l a p s  open. 

As i n  the or ig ina l  condi- 

As umal, when the h c d s  were 

MaxS.mmn l 5 f t  with modif.ication 6 (wing f1a.D Baa sea.led on 
-.-- lower sidel.-  In  the flaps-down, slot-closed, powel--off condition 
with t h e  f1a.p ga,p sealed on. t h e  loww mrfa.ce, the m a x i m u m  l i f t  
coe f f i ckmt  was decrez.sed b y  0.02 t o  0.24, derending on the hood 
and cowl-fla.7 posi-t ions ( tab le  VIL) e 

aovenent from the fuU-iip posit ion,  the tufts on the upper surface 
changed d i r sc t fon  s o  t h a t  they poiEted s t r a i g h t  i n  towmd the 
fuselage.  
i n  the full-dowm pos i t ion .  
f l a p  gap sealed. 

rlfter a few degrees of f l a p  

This change did not  occur with the gap unsealed, even 
Tfie glide gath  w a s  s tezper  w i t h  the 

General ---- discussion.- "he h w  maxinum l i f t  of the tes t  a i rp lane  
a.pppeass -to hava been du? t J  an e,z;-ly center-sec-kion s ta l l .  
cond-ition was agG-avated by o p n i q g  tho s l o t s  when they did not  
extend a l l  tlie way t o  tho luss1,ago. 

This 

Tho varia. t lon of maximm lift coeffic!.ent with the pos i t ion  
of the hoods ami cowl f h p s  w a s  ofteii 1arg:ir. 
f l a p s  c lmed ,  ope2ing the hoods usually r e su l t ed  i n  a. marked decrease 
i n  the maximum l i r t  a.va.ilablc, both i n  tko c r i g i n d  conditl.on and 
w i t h  t k c  irasious modificstions.  I n  sum2 instances tl!e Cecrcaso i n  
Cl;nax was as milch 8.5 0.31. 
however, would- always impove and of ten elimina.to enti;-ely the 
adverse offec-t of the open hoods. 

from the wing m o t ,  or t o  a favcwabla change in pressuro d i s t r i b n t i m  
ove? t h e  f usalage and wing-root j?mc t u 3  . 

Witk .  f l a p s  down, cowl 

02ening tho  cgwl fla.ps i? addition, 

T h i s  e f f e c t  na;r ha.ve been d w  
. e i t h e r  t o  added turbulence i n  the air stream delaying the  sepa.ra.tion 

Of the severa l  modificatians t r i e d  i n  an attempt t o  imp'ove 
tha max5mim lift of the airplaiie, e l l  succeeded t o  a grea te r  o r  
lesser extent..  l'he conbizatton of s l o t  extensions a?& wing-root 
f i l l c t s  produced the gres-mst bip-coveme?~t. 
l i f t  cocfficient measm-ed i n  t3is condition was 2 . 0 1  as compared 
w i t h  1.88 In the o- jgiqal  conditton. 
simple modificatLon would reduce the s t a l l i n g  spozd mxch below t h a t  
moaaurc-d i n  Cris conditlon, as i n  some cmfol-mztions xhe stall was 
s t a r t i n g  f a r t h e r  out  on t h e  wirlg, showing t h a t  t h 2  contor-section 
stall ( the  primary ceu80 of the l o w  maximm l i f t s )  was supprcssod. 

The maxiam power-off 

It is  doubtful t h a t  any 

I 



With power of f ,  the  Maxwell leading-edge s l o t  w a s  found t o  be 
The use e f f ec t ive  oniy when extended a l l  the way t o  the  fuselage.  

of a Maxwell s l o t  that; did not extend a l l  the way t o  the  fuselage 
resu l ted  on17 i n  aggravating an iaherent ly  ea r ly  cen-Ler--section 
s t a l l .  Wlth the f l a p s  down, th i s  is  a l s o  t r u s  whether the eirplaxe 
i s  equipped with f i l l e t s  o r  not,  although with f l a p s  up the  f i l l e t s  
alone did e f f e z t  some improvement. Had the a i rp lane  been one t h a t  
normal-iy s t a l l e d  f l r s t  a t  the wing t i p s ,  it is possible t h a t  t he  
s l o t s  would have proved he lpfu l  as  ins ta l led .  

A s  the  m&ximun l i 3 t  w a s  ra i sed  by progressive elimination of 
the  centexa-sect?on stall ,  tnc s t a l l  warning i n  the  form of buffet-  
i n3  was decreased. 

Except when the  f l a p  gap w~ls sealed, the s ta l l  was always 
observed t o  s t a r t  on the  wing ?i*oper; tufts on the upper surface 
of the  s l o t t e d  def lector-plate  f l a p  were never observed t o  f luc t -  
uate  or reverse. 

The simplest way of increasing the maximum l i f t  vas by the 
appl icat ion of pcver; even a small amount 0;" power delayed the 
s ta l l  a t  the  center. sect ion and effected a g rea t e r  increase i n  
C k  than any of the modifications tes ted.  The main objection 
t o  the use of power was the f a c t  t h a t  it eliminatud Lle s ta l l  
waning,  and power would not be avai lable  i n  case of ensine f a i l u r e .  

With power on, the a i rp lane  would- roll l e f t  a t  the s ta l l  with 
the  s l o t s  closed, and r i g h t  with the  s l o t s  open. A general  
tendency toward high a q l e s  GI" i-ight s i d e s l i p  and large loss of 

A time 
h i s t o r y  of a ra+;her severe instance of t h i s  is  shown i n  f igure  53. 
It appcars t h a t  the a i r p l m e  s t a r t e d  t o  recover from the  r e su l t i ng  
d-ivo a t  tho t i m c  the f k p  s t a r t e d  r e t r ac t ing  due t o  the  increased 

' a l t i t u d e  wts a lso  note? i n  the slot-open, power-sn stalls. 

specd. 

Lan&ing recommcnda.tions.- Consideration of the Cata leads t o  
ce r t a in  rccomendations f o r  landing the test a i rp lzne  with Elaxwell 
loading4dge s l o t s .  

For minimum powcr-off landing speed, the cow1 f l a p s  shculd b s  
kc@ f u l l y  open. This pract ice  oliminatcd adverse e f f e c t s  of tho 
opon hoods, 
The s t ~ l l  warning appoarcd adequztc and the  maximum l i f t  was higher 
i n  t h i s  condition. 

Thc s l o t s  should be clcsed with the unmodified airplane.  
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It Is possible t h a t  opening the  o r i g i m l  s l o t s ,  which keeps the 
outer wing sect ions uns ta l led  t o  r e l a t i v e l y  high mglcs of a t t ack  
(but not  h i& 5o ta l  wing l if t) ,  may givc iaprcved lateral  control- 
i n  rough-wa-tor landings with the  sear lanc model when the a i r c r a f t  
i s  bow-ccd ' i o  m angle of a t t ack  sufficiently high t o  complstcly 
s t d l  the  unslottod wing. 
pronouncod i.n t h i s  cocdition. 

Tl~s poprer-ofr" s t a l l  warning w a s  vcry 

For absolute minimum landing speed, a l l  the  power possible 
without cl-imbing should bo appliod. 
condition is  negl igiblc .  

The s t z l l  warning i n  t h i s  

Tho maximum vlglcs of a t t ack  with power on, o r  with s l o t s  open, 

The normal thrcc-point lcnding a t t i m d c  of' convcntional 
power off, when the  ccntcr-scction s ta l l  was  suppressed wsrc from 
20* t o  25'. 
airlilarres i s  10' t o  15'. Thc: p i l o t s  found that prac t ice  and ccre 
vcrc nece3sai.y t o  perform landings z t  the  a t t i t u d e  corrcsponding t g  
maximuu l:f t. 
prcdomimnt c f f cc t s ,  as iic conals tm'u Oifforcnce i n  s p e d  bctwcen 
thmc-point and ta i l - f i rs t ,  lcndjngs ws noticed i n  the l imi tad  
nunbcr ef landin& rc;orda taken. A time h i s t o r y  of' a p o w ~ - - ~ f ? ,  
three-Foint lending wjth the  s l o t  cxtcnsiono and smooth walkway, 
flaps down, s b t s ,  hoods, and sow1 flaps opcn, i s  shown i n  figure 51C. 
Tho recorded . 7 ~ . 2 p z r ~ -  a t  contact w a s  50 miles pc r  hour, or 1.5 mjlos  
pcr hour l c w e r  than thc  s t a l l i n g  spced- ;GI- t h a t  condition as fsivcn 
i n  table  IT. This differcncc m y  possibly bc nccountcd for by thc 
error i n  q..i:-s>L ., x.ading causcd by tho incrensed s t a t i c  prcosurc 
cround thz airplrmo whon it is  cloac t o  the  ground. 
rcadings m d e  on the  ground i n  take-offs showcd t h i s  error t o  ,?mount 
t o  about 3 miles per hour for t h i s  r irplmc. 

Evidcntly othei. f cc tops  i n  t h s  laniting mneuvor had 

Stntoocope 

Maximum Sxed  and Drag 

Except as noted, 211 mxlmwn s p c l !  r c s u l t s  reported i n  t h i s  
scct ion zrc f o r  400 brake horscI)ower, 5500 fuo t  densi ty  a l t i t u d e ,  
and 3800 pounds weight. 

Frcliminary f l i g h t s  indica'tcd that, t hc  s l o t  doors would blow up 
s l i g h t l y  i n  higli-apoed f l l&It,  the resulting drag incrcasc causing a 
roducticn i n  m-xfrnuq spccd. I n  the p r t s c c t  tests it T J ~ S  notcd t h a t  
v ibmt ion  i n  f l ight  would ccme thc  s lo t -ac tua t ing  c rmk  t o  rotati :  
approximately ond-half t u rn  from the  fu l ly-c losod  posit ion.  A hook 
was tlicn arranged t o  hold t he  crank i n  the  fully-closcd posit ion.  
A check of t he  h i@ spccd madc with t h c  s l o t s  thus closcd, and locked 
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closed by means 09 screws through the doors thcmsclves, showed no 
diffcrencc- i n  high spccd. 

It was found t h a t  i n s t a l l a t i o n  of  the  aux i l i a ry  skits reduced 
the  top  spwd  of the  airplane 7 miles per hour. t 

To netormino t h e  incrense izl  pe:foimance, if zny, vhich would 
r e s u l t  from preventing air 21-ow through thc f l a p  gap, i dcn t l ca l  
fli&hS;s were =de bjr ccch of' th ree  d i f f w e n t  p l l o t s  f o r  sealed md 
unsealed f l a p  conditions. Differences i n  YLloting technique caused 
considerable s c c t t o r  of the data,  but the g m e r a l  trend seemed t o  
ind ica tc  only about a 24lo-per-liour inci.2aso i n  I-.svcl-f li&t high 
speed when the  f l a p  gap w a s  sealed. 
these t e s t s  i n  the  noYrilsi conditioil was 176 mil-cs per hour 
( f ig .  5 5 ) .  A s  scal lng thc f l a p  also i-ncxascd the  1:;nding speed 
soiicvhat, the e f fec t ive  speed rango was not appreciably a l tc rcd .  

Tho mvrirnum spocd rccordcd i n  

A measure of the drag of thc w-modificd a i rp lanc  w a s  obtained 
by determining the powcr required f o r  levc l  f l i g h t  i n  the follow- 
ing conditions: 

1. Flaps up, s l o t s  closed, hoods closed 

2. Flaps up, s l o t s  open, hcrods closed 

3. 

l t .  

The resu! t s  a r e  s h L m  i n  f igurcs  55 t o  58. 

Flaps s e t  f o r  16.5O deflection, sl&s closed, hoods closed 

Flaps s e t  for 16.7' &efloction, s l o t s  opon, hoods closed 

The la rge  increase 
i n  powel- rcquircd shown wlion tho cowl flaps wore o2encd may be 
excessive, as thc  tota1-hee.d meter was s3en t o  incrcasc redi.ng as 
thc  cow1 f l cps  were opsncd. 
f h p s  clcsed. The ccmpcrative r e su l t s  f o r  the  diffc-ront wing, f lap ,  
and slot conformations are, howevor, belicvcd val id .  

Thu meter was cz l ibrc tcd  with tho cowl 

Tho p r t i a l  f l z p  def lect ion is seen t o  hcve raduccd the  power 
-, roquircd by about 7 pcrcent a t  low speeds, but tho open g l u t s  

appoar t o  heve incrcnscd the  powcr required by vrzrying mounts ct 
an2 speed excc3t pcrhrps a t  the -rcr; lowcst speeds with thc  f l a p s  
dcf lec  tcd. 

CONCLUDING .Il"kMELRIGs 

The r e s u l t s  of tho t c s t s  rcportcd horein :.re sLmnarized as 
fo l lows  : 



22 

1. A t  tho conter-of-ravity posl t ions tostcd,  the  s t a t i c  m d  
dynamic longi tudinal  and l a t c m l  s t a b i l i t y  was, i n  ~ o n c r a l ,  srztis- 
factory.  
charac te r i s t ics .  

The s l o t s  had only minor cPfccts on the  s t c b i l i t y  

2. Thc low maxinum l i f t  coe f f i c i en t  of tho t o s t  a i rplane was  
duc t o  an carljr center-scction stall.  
as or ig ina l ly  i n s t a l l e d  onlg aggravated t h i s  condition, r e su l t i ng  
i n  s t i l l  lower maximum l i f t .  

Opening the MttXNcll s lo ts  

3. Opening the  hoods i n  the landing condition (power-off, 

Opening the cowl f l a p s  i n  addi t ion p rac t i ca l ly  eliminated 
flaps-down) usually reduced the  maximum l i f t  coef f ic ien t  consider- 
ably. 
tho adverse e f fec t  of the open hoods. 

4. Extending the s l o t s  all tho m y  t o  the fusolagle c l in lna ted  
t h e i r  detrirncntal e f f e c t  on tho maximum l i f t ,  but the dccrcasc i n  
landing speed over the  s lots-closcd condition WES only 1 or 2 miles 
per hour. 

5. Wing-root f i l l e t s  alone increased the maximum l i f t  t o  a 
p m c t i c a l  degree only i n  the  f l a p u p  condition. 
t.hc s l o t  extensions, the  f i l l e t s  a l s o  caused small incroases i n  
m i m u n l i f t  i n  tho flaps-down condition. 

When combined with 

6. With the  s l o t s  open in  the  o r ig ina l  condition, the power-of'f 
s tall  wmming i n  thc form of buf fe t ing  and inciacased s t i c k  t r a v e l  
and force near minimum speed was excollcnt.  
warning is  bclieved t o  havc been adequate i n  the slot-closed m d  the  
improved slot-open conditions. 

The power-off s ta l l  

7. The highest l i f t  cooff ic ien ts  were obtained with power on; 
even a small amount of power had as much or morc c f f c c t  than any of 
tho modifications t r i e d .  With thc contcr-section s t r l l  eliminated, 
tho stall  wmning w a s  poor. 

8. With powor on, nnd v i t h  power off when the s l o t s  Imre 
open and the z ~ n t e r - s e c t i o n  s ta l l  w a s  sugpressed, the  s t a l l i n g  
a t t i t udo  was 20' t o  25O, compared t o  loo t o  l5O f o r  tho normal three- 
point landing e t t i t u d e .  
consistent reduction i n  lpmding speed w c s  obtaincd by going'beyond 
the three-yoint a t t i t u d e .  

I n  a l imited number of ac tua l  landings, no 

9. The s l o t s  as o r ig ina l ly  i n s t a l l e d  might be usefu l  i n  the 
scaplmo vcrsion of t he  a i rp lane  during rough-water lmd ings  by 
keeping the outer  wing sect ions uns ta l led  and r e t a in ing  some measure 
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of 1ntcre.l control. when the a i r p l m o  is bounced %o m cnglc of 
a t tzck  high enough t o  s%al!!. -the who1ci m s l u t t c d  vine;. 
s l o t s  cxtendod t o  thc  fusel-age, thc; sa’llt: fea ture  would bc prcsent 
wl-th tile added advanhgG 02 lOWCi* a-Jailrzble power-of f landi rg  
speeds. 

Wi3h tho 

2.0. Reducing thc of this a i r p l m o  by sea l ing  the flat gap 
did  not inc-ease tho s p e d  rmge, as t he  1andLng spoed w a s  increased 
as well as the  high apeod. 

11. Part ie l  f l a p  dcfloctlon re6iiccd t h e  power roquired f o r  
lave1  f l i & t  a t  low speeds, but; opening thc  s l o t s  increcaed the  
dr2.g i n  a l l  conditions oxcept at Lhc very lowost spoods with flaps 
defloeted. 
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Figure 3.- Detail of Maxwell s l o t  installation, slot6 open. 
Spoiler paddle balance i e  also visible flush with wing 
ahead of aileron. 
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M A T I O M A L  A O V l S O R Y  
C O u l l T T E f  F O R  A E R O N A U T I C S  

Fibvre 5.- Sketch showing location of man aerodynaic 
chord on t e a t  airplane. 



N A T  I O N A L  A D V  I SORY \ C O N M l T T E E  FOR A E R O N A U T I C S  

Figure 6.-  Plan view showing high- l i f t  and la teral -  
control devices of t e s t  airplane. 
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Figure 8.- Plan view of the horizontal tail  on the t e s t  
airplane. 
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N A T I O N A L  A D V l  S O R V  
C O Y Y l  T T E E  F O R  A E R J N A U T I C S  

Figure 9.- Side view of the vertical t a l l  of the t e s t  
airplane. 
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Figure 10.- Seotion viewa of empennage control surfaces 
and tabs on t e s t  airplane. 



Figure 11.- Auxi iary s l a t  Instal led on t e s t  i r p l  ne. 



Figure 12,- Lower front and upper rear views t h r o w  Maxwell 
slot extension, 
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Figure 14.- Slipstream to ta l -pressure  tube. 



Figure 15.- Variation of elevator angle w i t h  s t ick 
position as  measured on the ground with no load on 
the surf aces. 



Figure 16.- Friction and deflection in the elevator control 
system as measured on the ground. 



Figure 17.- V a r i a t i o n  OX e i e v u t o r  tab posrcion w l t h  cockpit 
control setting. 



surf aces. 



Figure 19.- Variation of rudder t a b  angle with cockpi t  c o n t r o l  
sett ing.  



Figure 20.- Variation of a i l e r o n  and s p o i l e r  angles with s t i c k  
p o s i t i o n  as measured on the ground with no load on the 
sur faces .  T e s t  airplane with  f l a p s  up. 



Figure 21.- Variation of a i l e r o n  and spoiler angles w i t h  
stick position as measured on the ground w i t h  no load  on 
tne sur faces .  ,Test airpiariw w l u i  Lrapa A I v  UVI.I.. ..I L I -  0 7  - - -  'I /P an..,- 
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Figure 22.- Var ia t ion  o f  a i l e r o n  and spoiler angles  wi th  
s t i c k  p o s i t i o n  as measured on the ground w i t h  no l o a d  on 
the sur faces .  Test  a i r p l a n e  w i t h  f laps  fill down. 



F i g u r e  23.- V a r i a t i o n  of maximum movements of a i l e r o n s  and 
s p o i l e r s  w i t h  change in f l a p  p o s i t i o n .  



Figure 24.- F r i c t i o n  i n  the l a t e r a l  c o n t r o l  system, flaps UP,  
as i n d i c a t e d  by t h e  s t i c k  f o r c e  requi red  t o  move the  Controls  
on the ground. 



Figure 25.- F r i c t i o n  i n  the  l a t e r a l  control system, flaps 1/3 
down, as i n d i c a t e d  by the  s t i c k  f o r c e  r e q u i r e d  t o  move the 
c o n t r o l s  on the ground. 



contGols on the ground. 



Figure 27.- Variation of s l o t  opening with s l o t  c o n t r o l  crank 
p o s i t  ion. 
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Figure 28.- Characteristics in steady straight flight with 
power off. Test airplane with hoods and cowl flaps closed, 
center of gravity at 26.3 percent M.A.C. 
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Figure 29.- C h a r a c t e r i s t i c s  i n  s teady s t r a i g h t  f l i g h t  with 
power f o r  l e v e l  f l i g h t .  Test a i rp lane  with hoods closed, 
cen ter  of g r a v i t y  a t  26.3 percent M.A.C. 
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Figure 30.- C h a r a c t e r i s t i c s  in steady straight f l i g h t  wi th  
approximately 345 bhp a t  2300 rpm. Test  a i rp lane  w i t h  
hoods closed and cowl f l a p s  open, c e n t e r  of g r a v i t y ' a t  
26.3 percent  M.A.C. 



! -  

gravity 'at 26.3 percent M.1.C. 



F l g u r e  3 2 .  - P e r i o d  and damping of the 1 s t e r a l  osc i l ls t  ions. 
T e s t  a i r p l a n e  w i t h  f l a p s  up Rnd s lot ,s  open, c e n t e r  of 
g r a v i t y  a t  2% .3 p e r c e n t  M. A.C. 



Figure 33.- Period and damping o f  t h e  l a t e r a l  cmci l la t ions .  
Test  a i r p l a n e  with f l a p s  s e t  f u l l  down and s l o t s  c losed,  
u u . l u G +  VI ~ L - ~ v L I , ~  ai 26.3 percent M.A.G. ,.An+^,. -0  . 1 



Figure 34.- Period and. damping of the  l a t e r a l  o s c i l l a t i o n s .  
Tes t  a i r p l a n e  w i t h  f l a p s  se t  f u l l  down and s l o t s  open, 
c e n t e r  of g r a v i t y  a t  26.3 percent  M.A.C. I - 



Figure  35.- C h a r a c t e r i s t i c s  i n  s t eady  s i d e s l i p s .  Power o f f ,  
f l a p s  up, slots, hoods,  and cowl f l a p s  c losed ,  c e n t e r  of  
g r a v i t y  a t  26.3 p e r c e n t  M . A . C .  



Figure 36.- Characteristics in steady sideslips. Power o f f ,  
flaps up, s l o t s  open, hoods and cowl f l a p s  closed, center 
of gravity at 28.3 percent M.A.C. 
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Figure 37.- Characteristics in steady sideslips. 340 bhp at 
2300 rpm, flaps up, slots closed, hoods closed, cowl f l a p s  
open, center of gravity at 26.3 percent M.A.C. 
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Figure 38.- C h a r a c t e r i s t i c s  i n  s teady  s i d e s l i p s .  340 bhp a t  
2300 rpm, f l a p s  up, s l o t s  open, hoods closed, cowl f l a p s  
open, c e n t e r  of g r a v i t y  a t  26.3 pe rcen t  M.A.C. 
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Figure 39.- C h a r a c t e r i s t i c s  i n  s t e a d y  s i d e s l i p s .  Power o f f ,  
f l a p s  s e t  1/3 down, s l o t s  c losed ,  hoods c losed ,  cowl f l a p s  
c losed ,  c e n t e r  of  b r a v i t y  a t  26.3 p e r c e n t  1d.A.C. 





Figure 41.- C h a r a c t e r i s t i c s  i n  s t e a d y  sideslips. 340 bhp a t  
2309 rprn, f l a p s  s e t  1/3 down, slots c l o s e d ,  hoods c l o s e d ,  
cowl f l a p s  open, c e n t e r  of' g r a v i t y  a t  26.3 p e r c e n t  M . A . C .  
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Figure  43.- C h a r a c t e r i s t i c s  i n  s t e a d y  s i d e s l i p s .  Fower o f f ,  
f l a p s  s e t  full down, s l o t s  c losed ,  hoods c losed ,  cowl 
f l a p s  c losed ,  c e n t e r  of g r a v i t y  a t  26.3 p e r c e n t  M.A.C. 
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Figure  44.- C h a r a c t e r i s t i c s  i n  s t eady  s i d e s l i p s ,  Power o f f ,  
f l a p s  s e t  f u l l  down, s l o t s  open, hoods c losed ,  cowl f l a p s  
c losed ,  c e n t e r  of g r a v i t y  a t  26.3 p e r c e n t  M.A.C. 
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Figure 45.- C h a r a c t e r i s t i c s  i n  s teady s i d e s l i p s .  Power o f f ,  
f l a p s  s e t  full down, slots open, hoods open, cowl f l a p s  
closed, c e n t e r  of g r a v i t y  a t  26.3 pe rcen t  M.A.C. 

- 



Figure  46.- C h a r a c t e r i s t i c s  i n  s t eady  s i d e s l i p s .  340 bhp a t  
2300 rpm, f l a p  s e t  full down, slots c losed ,  hoods closed, 
cowl flaps open, c e n t e r  of g r a v i t y  a t  26.3 p e r c e n t  M.A.C. 

~ ~~ ~ 



Figure 47.- Characteristics in steady sideslips. 340 bhp at 
2300 rpm, flap s e t  full down, slots open, hoods closed, 
cowl flaps open, center of gravity at 26.3 percent M.A.C. 



Figure  48.- C h a r a c t e r i s t i c s  i n  s t e a d y  s i d e s l i p s .  340 bhp a t  
2300 rpm, f l a p  s e t  f u l l  down, s l o t s  open, hoods open, cowl 
f l a p s  open, c e n t e r  of g r a v i t y  a t  26.3 p a r c e n t  M.A.C. 
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Figure 49.- S t r e t c h  i n  the  l a t e r a l  cont ro l  system as measured 
i n  s teady s i d e s l i p p i n g  f l i g h t .  Te:3t a i r p l a n e  with f l a p s  
U P  
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Figure 50.- S t r e t ch  i n  the l a t e r a l  control  system as  measured 
in steady s idesl ipping f l i g h t .  
s e t  1/3 down. 

Test a i rp lane  with f l a p s  

~~ 
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Figure 51.- S t r e t ch  i n  the l a t e r a l  control  system as measured 
i n  steady s ides l ipp ing  f l i g h t .  
s e t  f u l l  down. 

Test  a i rp lane  with f l a p s  
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Figure 52.- V a r i a t i o n  o f  maximum l i f t  c o e f f i c i e n t  with power. 
Flaps  full down, hoods open, cowl f l a p s  open, c e n t e r  of 
g r a v i t y  a t  32.1 pe rcen t  1. ..A.C. 
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Figure  53.- T i m e  h i s t o r y  of a power-on s t a l l  and recovery,  
t e s t  a i r p l a n e  w i t h  s l o t  ex tens ions  and wing-root  f i l l . e t s .  
F l aps  fill down, s l o t s  open, hoods open, cowl f l a p s  
c losed ,  300 bhp a t  2200 rpm, c e n t e r  of g r a v i t y  a t  32.5 
p e r c e n t  M .  A .  C .  
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Figure 54,- Time h . i s tory  of a t h ree -po in t ,  power-off landing, 
w i t h  f l a p s  full down, s l o t s ,  hoods, and cowl flaps open. 
Tes t  a i r p l a n e  w i t h  Maxwell s l o t  ex tevs lons  and smooth 
walkway. 
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